Positron annihilation phenomenon has been studied in chloropolystyrenes. PAL and ACAR measurements have been performed in air and at room temperature for amorphous samples of different chlorine content. The increase in the latter is followed by the decrease in both the intensity of the narrow component of ACAR curves and the intensity of the longest-lived component ( I ) in PAL spectra. The latter one, related to the ortho-posi troniurn intensity in polystyrene I: , changes according to the formula: 1~/ 1~1 1 + ( 1 9 . 9 3 *~)~.~~1 -~ where C denotes the number of C1 atoms per unit of the polymer. The inductive effect produced by the chlorine in chloropolystyrenes is assumed to be the reason of the inhibition of the positronium formation in them. In general the chlorine reactivity towards positrons seems to depend on its position in the polymer structure.
Introduction
The positron annihilation phenomenon has been studied in polystyrene from the very beginning of the development of positron annihilation spectroscopy (PAS) /2,3,4,5/up to nowadays /6,7/. Positronium ( P s ) formation has been confirmed in this polymer by the existence of the long-lived component in positron lifetime spectra (z-2ns) and its magnetic quenching /8/ as well as by the appearance of the narrow component in ACAR curves /5/ and the abundance of the three-quantum annihilation events /9/. It is supposed that the formation of positronium in polystyrene takes place mainly in the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993434 benzene rings /lo/. The relaxat ion parameter (i. e. the electron density at the position of the positron forming Ps in polystyrene related to that of free Ps) was estimated in /8/ as equal to 0.80T0.06 indicating the relaxation of the Ps. It has been established /11/ that: 1/ introduction of chlorine into polystyrene changes thermal stability of samples according to the position of chlorine atoms in polymer structure Z / the highest thermal stability has been observed for samples with chlorine substituted to benzene rings 3/ in chloropolystyrene with chlorine atoms introduced into the aliphatic parts of its structure the dehydrochlorination takes place easily 4/ the chlorine atoms added to benzene rings are more easily detachable than the ones being in aliphatic chain.
Experimental
Samples. Polystyrene and chloropolystyrenes Two series of samples were studied. The first one included polystyrene (PSP-the raw material and PSB) and one chloropolystyrene (P07), while the second-the commercial polystyrene (AOP-the raw material) and five chloropolystyrene samples (AOW, A03, A04, A06, A048). Further characteristics of samples as chlorine content and its distribution are given in Table I . All the studied samples were amorphous as it was proved by X-ray diffraction studies. Powders of each sample, except PSB which was in bulk form, were formed into discs, of diameter equal to 20 mm and of thickness equal to 3 mm, under the pressure of 3 tons.
Polymer preparation and characterization Table I . Chlorine content in studied samples.
The polystyrene samples (PSP and PSB) were obtained by the radical polymerization of styrene in benzene solutions, the procedure descpibed in /12/. The chlorination of polystyrene was carried out with sulphuryl chloride in two ways: a) radical-initiation (samples P07, AOW, A03, A04, A061 /13/ and b) ionic catalysis (sample A048) 1
The chlorine content was determined using the Schoniger method /15/.
The positions of the chlorine atoms in the chlorinated polystyrenes depend on the mechanism of chlorination. In the chloropolystyrenes obtained in radical-initiated reactions, the chlorine atoms were substituted on the aliphatic part of the polymer (samples AOW, A03, A04, A061 and as in case of the sample PO7 added to the cyclic aliphatic ring and substituted on the chain. The general formula of samples AOW-A06 is
with values of y given in Table I while the formula of the sample PO7 is
In the chloropolystyrene A048, obtained by the ionic chlorination of polystyrene, the chlorine atoms were substituted on the aromatic rings of the polystyrene and on the aliphatic chain. The formula of the sample A048 is 45% 45% 10%
All structures of the chloropolystyrenes were established with use of the 'H-NMR, IR spectroscopy techniques and elementary analysis /13/.
Measurements ACAR and PAL techniques were used in our studies of polystyrene and chloropolystyrene samples.The two kinds of measurements were performed in air at R.T.
ACAR measurements
ACAR measurements were performed from -29 to +29 mrad with use of the LS spectrometer of angular resolution with FWHM equal to 0.8 mrad, described in details in /16/. Data were accumulated with the step of 0.5 mrad for the period of 2*lo3s at each point resulting in about 8*104 counts at the peak of each distribution with background intensii~ reaching 3% of the peak value. The positrons were produced upon desintegration of Na nuclei in the source of 15 mCi activity.
PAL measurements
A conventional fast-slow coincidence system with plastic, cylindrical scintillators NE 111 (20mm*20mm) was used for measuring the lifetime spectra. The positron source, 22 Na of activity 15 pCi was deposited between two identical thin Hostaphan foils (0.8 -2 mg*cm each) and then sandwiched between the samples under investigation. A typical decay curve contained about 1*106 counts and had the peak to background ratio of 2500. Table 11 . Results of ACAR measurements.
Results
The ACAR curves were fitted with a sum of gaussians (for samples PSP, PSB, AOP, AOW and A031 or the sum of the one very broad gaussian and a Ferrell function /17/ (samples P07, A048, A04 and A061 simultaneously together with a background represented as a sloped straight line, using the computer program FER /18/. The results of the analysis, i.e. the FWHM and the intensity of each component are given in Table 11 . Table 111 . Results of PAL measurements.
The PAL spectra corrected for positron annihilation in the source (3%) were fitted with a sum of three exponentials convoluted with the resolution function of the lifetime spectrometer (a sum of two gaussians) plus a constant background, using the program POSITRONFIT /lS/.The results of the analysis i.e. the lifetimes and the intensities are given in Table III .
Comparison of the results for PSP and PSB samples indicates that there is no essential difference in positron annihilation characteristics for powder and bulk polystyrene. The lifetimes for raw samples in both series (PSP and AOP) are very close to those known from literature /6/ and being the results of the high precision measurements.
Assuming that in polystyrene the longest-lived component in the lifetime spectra (t I ) comes from the ortho-positronium atoms decaying via the pickoff process one 
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Using the values of AI~/I: obtained for the give any contribution to the inhibition of the positronium. It seems
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The general conclusion is that the chlorine inhibits the positronium formation but its reactivity towards positrons depends on its position in the polymer structure, it means on the kind of bond between the halogen and carbon. The intensities I_vs.chlorine content ( C ) for the samples of the second series are a**** 2nd serlos [atom/unitl-' and 0.56 (Fig.3) . The above equation has been proposed to represent the o-Ps yield versus the concentration of electron scavengers in solutions /22/. It is based on the assumption that the relative yield of Ps is proportional to the relative fraction of geminate electrons which remained unscavenged by the introduced electron scavenger.
According to the spur model the Ps yield in polymers should be large due to the small size of the spur in solids at all, and the high values of dielectric constants in polymers. Relative high contributions of the spur mechanism in the Ps formation were estimated in /23/ for some polymers.
that the C1 atoms attached to aliphatic 2 4 6 C1 content [atom/unit] carbons are the active ones in the inhibition of Ps formation. is formed it doesn't contribute to the long lifetime in the PAL spectra and to the narrow component in the ACAR curves. The changes in positron annihilation characteristics observed by us versus chlorine content don't contradict the supposition that the formation of the [~l-, e+l bound state is the reason of the Ps inhibition in the chloropolystyrenes. There is however a problem in what process the C1 ions could be produced. The increase in electron charge in vicinity of chlorine atoms is possible as a result of the inductive effect following the introduction of chlorine both into aromatic and aliphatic parts of the chloropolystyrene structure. It is known that introduction of chlorine enlarges the dipole moment of molecules (cf the values of the electric dipole moment in case of bezene and chlorobenzene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,C-dichlorobenzene, toluene and 2-chlorotoluene, 3-chlorotoluene, 4-chlorotoluene,benzyl chloride and 2-chlorobenzyl chloride, 3-chlorobenzyl chloride, 4-chlorobenzyl chloride). Polar molecules with electric dipole moment greater than 1.625 D are guaranteed to possess positron complexes which,within the Bohr-Oppenheimer approximation, are stable with respect to positron detachment /29/. It seems to us that in chloropolystyrenes one may take into account the po_ssibility of existence of the posit+ron-unit complex [RCl ,e+l, possible to view as [Cl , e+l complex in the field of an R ion. The influence of the electric dipole moment of fluorinated benzenes in cyclohexane-dichloromethane and in cyclohexane-carbon tetrachloride mixtures on positronium formation was reported in /30/. From the fig. 1 a tendency towards decrease in mean radius of free volume is seen when chlorine content increases in studies samples. The only exception is the sample A06 in which the highest amount of C1 atoms was substituted at a-carbons in the backbone /13/ That might result in effective stretching and stiffening of the chain.
